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© Auto-reclosers. 



© An auto-recloser circuit-breaker has three vacu- 
um interrupters driven from a single bistable mag- 
netic actuator which is powered by a first lithium 
sulphur dioxide battery under control of an electronic 
protection relay which is powered by a second lith- 
ium sulphur dioxide battery. The drive mechanism, 



actuator and relay are designed to minimise current 
consumed by the batteries so that the recloser may 
be self-powered for its full life by these batteries 
independent of the power line in which it is con- 
nected. 
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This invention relates to auto-reclosers. 

A pole mounted auto-recloser is a high voltage 
pole-top mounted reclosing circuit-breaker which is 
used to protect high voltage overhead electrical 
power distribution lines. The function of the re- 
closer is to reduce system interruption to a mini- 
mum if a transient or permanent fault should occur 
on the sytem. The recloser senses fault current in 
the main HV circuit, that is in the three phase 
power line, and opens its three main contacts to 
interrupt the current. After a short period known as 
the dead-time the recloser will reclose. Most faults 
are transient in nature and will clear during the 
dead-time so that when the unit recloses the HV 
supply is restored. If the fault has not cleared the 
recloser senses the fault current and again opens 
to interrupt it. The recloser can attempt to reclose 
up to say three times. If the fault is permanent after 
a predetermined number of trips it will remain open 
thereby isolating the faulty section of line. 

An inherent problem with pole mounted re- 
closers is that such equipment is typically situated 
in remote locations. For this reason they have to be 
very reliable with very long intervals between main- 
tenance periods. Also there will be no local power 
supply for opening and closing the recloser main 
contacts or for supplying the elctronic protection 
and control unit part of the recloser. 

There are many solutions to the problem of 
power supply all of which have involved obtaining 
power either directly or indirectly from the HV 
supply. This presents problems when one consid- 
ers the fact that there will be a fault on the HV 
supply at the very moment when the HV supply is 
required to operate the recloser; also it is not 
possible to close the recloser if there is no HV 
supply. 

According to the invention, there is provided an 
auto-recloser circuit-breaker for use with a three 
phase high voltage electrical power distribution 
line, the auto-recloser including (a) three vacuum 
interrupters for connection one in each phase of 
the power line, (b) current transformer means for 
sensing current on the power line, (c) an electronic 
protection relay having inputs connected to said 
current transformer means and outputs for provid- 
ing auto-reclose control pulses, (d) a first, compara- 
tively low voltage, power supply connected for op- 
erating the protection relay, (e) operating means for 
opening and closing the interrupters responsive to 
the control pulses from the relay, the operating 
means including a single bistable magnetic ac- 
tuator and a drive mechanism connected between 
the three interrupters and the magnetic actuator, 
the magnetic actuator having a reciprocable ar- 
mature, two electromagnetic coils each for moving 
the armature to one of two positions, and a perma- 
nent magnet for holding the armature in either 



position, and (f) a second, comparatively high volt- 
age, power supply for energising the magnetic 
actuator, this second power supply being connect- 
ed to each magnetic actuator coil via a respective 

s electronic switch responsive to the auto-reclose 
control pulses from the relay; wherein the first and 
second power supplies are provided by lithium 
sulphur dioxide battery means, the auto-recloser 
being powered solely by this battery means and 

w not by the high voltage power line. 

The first and second power supplies may be 
provided each from a separate lithium sulphur diox- 
ide battery. 

The drive mechanism may include three drive 

75 rods, one said rod for operating each interrupter, 
and with the three drive rods arranged to be driven 
together directly by said reciprocable armature of 
said magnetic actuator in line with the movement of 
said armature. In this case, the three drive rods 

20 maybe linked to the actuator by a single cross- 
beam, each rod being maintained in line by a 
spring in a pocket in the beam without contact 
between the rod and the beam. 

The magnetic circuit in the actuator due to the 

25 permanent magnet maybe arranged to provide a 
static force to hold the armature in its stable posi- 
tion corresponding to the interrupters being closed 
greater than the static force to hold the armature in 
the stable position corresponding to the interrupters 

30 being open. 

The armature and/or a pole piece in the ac- 
tuator maybe shaped to modify the flux in an air 
gap between them so that in response to a control 
pulse to operate the actuator to the open position 

35 of the interrupters the armature is preferentially 
biased by the permanent magnet towards that 
open position. 

A parallel path circuit maybe provided for each 
actuator coil to circulate current due to emfs gen- 

40 erated in the coils resulting from actuation, and 
with impedance provided in each said parallel path 
circuit to reduce opposition to movement of the 
armature due to such current. 

The protection relay may include wake-up and 

45 power-down circuit means to reduce consumption 
of battery energy. In this case, the wake-up circuit 
means may include a comparator and a latch in 
CMOS to minimise the battery energy which is 
continuously consumed by these components. 

so The self powered recloser according to the 
invention has solved the following design problems: 

1. A self contained stored energy supply ca- 
pable of supplying the recloser for a minimum 
period of 10 years and 10,000 operations is 

55 required. 

2. A very efficient method of opening and clos- 
ing the main interrupter contacts is required in 
order to maximise the number of operations 
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available from a given energy source. 
3. The electronic protection must also be ca- 
pable of operating over a ten year period from a 
self contained energy source. 
Important features of the exemplary embodi- 
ment to be described below are as follows: 

1 . The electronic protection and control unit, the 
protection relay, is designed to draw a very 
small current from a 12V Lithium Sulphur Diox- 
ide battery in the order of 15 uA under normaJ 
conditions by extensive use of CMOS technol- 
ogy in particular in a wake-up circuit. 

2. The design of the drive system, the interrupt- 
ers used and the construction of magnetic ac- 
tuator have been optimised in order to use the 
minimum energy possible from a primary bat- 
tery supply. 

3. A Lithium Sulphur Dioxide battery system is 
used. Important features of the LS02 battery 
system for use with the recloser are: 

3.1 Long shelf life; self discharge rate lower 
than any other battery system suitable for at 
least 10 years maintenance free life. 

3.2 Very high energy density; stored energy 
sufficient for 10,000 operations. 

3.3 Wide operating temperature range; -55C 
to +70C 

3.4 High discharge current capability 

An exemplary embodiment of the invention will 
now be described with reference to the accom- 
panying drawings comprising Figures 1 to 7. 

Referring now to Figure 1, there is shown a 
schematic diagram of an auto-recloser circuit 
breaker for use with a three phase high voltage 
electrical power distribution line. The three phase 
power line is shown extending through the auto- 
recloser from three supply side terminals to three 
corresponding load side terminals. The high volt- 
age could typically be 15kV and the normal load 
current typically less than IkA. Three vacuum inter- 
rupters are provided for connection one in each 
phase of the power line as shown. Three ring 
current transformers are provided for sensing cur- 
rent on the power line. An electronic protection 
relay has inputs connected to these current trans- 
formers and outputs for providing autoreclose con- 
trol pulses. A 12 volt Lithium Sulphur Dioxide bat- 
tery provides a power supply connected for operat- 
ing the protection relay. Operating means for open- 
ing and closing the vacuum interrupters responsive 
to the control pulses from the relay include a single 
bistable magnetic actuator and a drive mechanism 
(shown by the single dotted line) connected be- 
tween the three interrupters and the magnetic ac- 
tuator. The magnetic actuator (to be later described 
in detail with reference to Figures 4 and 5) has a 
reciprocable armature, two electromagnetic coils 
(shown as "open" and "close" in Figure 1) each for 



moving the armature to one of two positions, and a 
permanent magnet for holding the armature in ei- 
ther position. 

A 96 volt lithium sulphur dioxide battery is 

5 provided for energising the magnetic actuator, this 
battery being connected to each magnetic actuator 
coil via a respective electronic switch (output FET 
as shown) responsive to the auto-reclose control 
pulses from the relay. Thus the recloser is powered 

10 solely by the two batteries and not by the high 
voltage power line. 

A microprocessor in the relay provides the 
control pulses to the output FETs to control the 
opening (tripping) and closing operations of the 

75 recloser. An auxiliary switch (shown in Figure 1) is 
connected to the recloser main drive shaft and 
signals the position of the recloser to the micropro- 
cessor which will terminate the trip or close signal 
accordingly. By means of parallel path circuit 

20 means connected to each actuator coil (as will be 
described later in detail with reference to Figure 3), 
the close and trip current pulses are controlled to 
the minimum length necessary to ensure correct 
operation thereby minimising the amount of energy 

25 taken from the 96 volt battery. The current required 
to be supplied by this battery will be between 
approximately 25A and 30A, which comes as a 
requirement from the design of the magnetic ac- 
tuator and the load on the actuator from the inter- 

30 rupter drive mechanism. The required voltage for 
this battery, according to temperature conditions of 
use. could be between say 90-1 05V. 

The configuration and operation of the elec- 
tronic protection relay will now be described in 

35 detail with reference to Figures 1 and 2. The cur- 
rent transformers on the three phase power line will 
bring the normal load current down to below say 
approximately 100A at the inputs to the relay. The 
current transformers within the relay will further 

40 bring these currents down to below say approxi- 
mately 100mA. Figure 2 shows four current trans- 
formers in the relay. The outputs of these four 
current transformers are each passed through a 
rectifier circuit to a burdens circuit. The burdens 

45 circuits, as shown in Figure 2, can have switched in 
a selected parallel resistors to translate the rectified 
current at whatever protection level is required to a 
predetermined voltage output, for example a pro- 
tection level of 100mA is translated to an output 

so from the burdens circuits of 0.1 volts. In a manner, 
not shown, this switching in of resistors in the 
burdens circuits is controlled from the microproces- 
sor. The 12 volt lithium sulphur dioxide battery 
continuously supplies a wake-up circuit including a 

55 reference voltage circuit, four comparators, an OR 
gate and a latch. These circuit components are in 
CMOS and continuously take only a very small 
current (15uA) from the 12 volt battery. This bat- 
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tery can sustain this load for greater than its ex- 
pected life of 10 years. The reference voltage 
circuit consumes only say 1-1.5UA from the 12V 
battery and supplies a reference voltage of say 0.1 
volt to one input of each of the four comparators. 
The outputs from the burdens circuits are con- 
nected respectively to the other inputs of the com- 
parators. If any of the four comparators detects a 
particular fault condition on the power line as deter- 
mined by the output from the corresponding bur- 
dens circuit then, via the OR gate, the latch is set 
and provides a wake-up signal to power up the 
microprocessor and the A/D converter which is 
provided between the burdens circuit outputs and 
the microprocessor. There is actually a voltage 
regulator (not shown) between the 12V battery and 
the microprocessor which is thereby powered from 
5 volts. Although the A/D converter is shown here 
separately it is in fact, together with a multiplexer 
for scanning all the burdens outputs, integrated 
with the microprocessor in a microcontroller. The 
value of the power line overload as outputs from 
the burdens circuits is measured by the A/D con- 
verter and determines the tripping time set by the 
microprocessor. Thus a massive overload requires 
the lowest possible tripping time, i.e. the vacuum 
interrupters should be tripped open straight away. 
For a small overload a certain length of tripping 
time is set; for example a 50% overload could 
provide a 1J second tripping time or a 10 times 
overload could provide a 350msec tripping time. 
The microprocessor provides a sequence of ac- 
tuator opening and closing pulses to the output 
FETs. If the fault is temporary the primary currents 
drop below the minimum tripping current level to 
the normal load current level or if the fault is 
continuous the re-closer locks-out in the open posi- 
tion at the end of its sequence, this being a se- 
quence of say three or four open and close oper- 
ations. Whatever the conclusion the microproces- 
sor resets the latch and the electronic protection 
resumes to its quiescent state drawing a few 
microamps (say 15uA). A further feature of the 
particular microprocessor and immediate periph- 
erals is that they were chosen for low power con- 
sumption and also because it is possible to put 
them in a very low power 'standby' mode during 
periods then the microprocessor is timing out an 
operation such as a dead time or tripping time. 
Thus dead time is when the circuit breaker has 
been tripped and all that the microprocessor is 
doing is timing a certain programme time, say 
between } sec and 180 sees before a re-closing 
pulse is required. Just running the timer can be in 
this very low power 'standby 1 mode. 

Figure 3 shows the two actuator coils con- 
nected to the 96 volt Lithium sulphur dioxide bat- 
tery via the FETs as has been shown in Figure 2 



and a diode and resistor in series with each other 
and in parallel with each coil. 

The diodes are included to protect the FETs at 
turn-off. The two solenoid coils which are highly 

5 inductive produce a large back-emf when the FETs 
turn off (L di/dt ). Without the diodes this voltage 
would appear across the FETs. With the diodes in 
the circuit the voltage is limited to the battery 
voltage as the back emf causes current to flow 

10 around the local loop until the energy stored has 
exponentially decayed away. 

However, this can cause problems with the 
magnetic actuator. When the close coil is ener- 
gised, transformer action causes a current to be 

75 induced in the trip-soleniod coil around the diode 
circuit even though the FET is turned off. This 
current causes the trip coil to oppose the intended 
closing operation and more current is drawn from 
the 96 volt Lithium battery. We have combatted 

20 this by putting a resistor in series with the diode 
which reduces this effect to a negligable level 
whilst keeping the back emf to below the rating of 
the FETs. The use of resistors in this manner has 
given about 25% increase in efficiency with a con- 

25 sequent beneficial effect on battery operation 

The magnetic actuator build up and a descrip- 
tion of its operation follows with reference to Fig- 
ures 4 and 5. 

An actuator rod 46 is reciprocable with an 

30 armature 45 through openings in a pair of parallel 
end plates constituting pole pieces 41, 42, whose 
inner faces act as end stops for the armature 45. 
The pole pieces 41, 42 are connected by side 
plates 43, 44 which, with the pole pieces, support 

35 two fixed, annular,, coaxial electromagnetic coils 48, 
49 adjacent respective ends of the armature 45, 
and a fixed, centrally-disposed, coaxial, cylindrical 
permanent magnet 410. 

The permanent magnet 410, extends axially 

40 over a central region of the armature 45 at all 
positions of the armature, and it is radially polaris- 
ed as shown (S-N; N-S). In this example, the mag- 
net is of neodymium-boron-iron, although another 
rare-earth magnetic material such as samarium- 

45 cobalt could be used especially where high tem- 
peratures are likely to be encountered. The magnet 
has the approximate dimensions of 70mm long by 
60mm internal diameter, and produces a flux den- 
sity of around 0.7 Webers per square metre at the 

so centre and 1.7 Webers per square metre at its 
ends. Similar field strengths could alternatively be 
obtained from an AINiCo magnet, but the prop- 
erties of such a material are less advantageous in 
this particular application. 

55 In use, with the armature at one stable position, 
as shown in Figure 4, it is held there by the 
permanent magnet which generates a low reluc- 
tance magnetic circuit 413, 414. On energising the 
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electromagnet coil 48 nearer the other end of the 
armature to produce a magnetic field 4131, 4141 in 
the sense shown, the flux of the original, low reluc- 
tance magnetic circuit 413, 414 is diverted, or, in a 
sense, opposed and cancel led, so that the flux 
density at the interface 41 1 of the armature and its 
end strip is substantially reduced, destabilising the 
armature. 

At the same time, the flux is increased across 
the air gap 412 (approximately 14mm in this exam- 
ple) between the armature and the other of its end 
stops 41 , tending to attract the armature towards its 
opposite stable position. Also, the relatively small 
amount of magnetic flux 4132, 4142 generated by 
the electromagnet coil and passing through the 
permanent magnet is such as to maintain its mag- 
netism, not to demagnetise the permanent magnet. 
More flux 4131, 4141 from the electromagnet coil 
48 passes through the lower end plate 42 than 
through the relatively high-reluctance permanent 
magnet via path 4132, 4142. 

Movement of the armature from its other stable 
position is achieved by energising the other elec- 
tromagnet coil 49 in the same sense, thus similarly 
avoiding demagnetisation of the permanent magnet 
410. 

Although the configuration of the permanent 
magnet is cylindrical or annular in this example, 
other tubular configurations are feasible, including 
ones which are rotationally asymmetric about the 
longitudinal axis. The magnet should be tubular in 
the sense that it provides a longitudinal passage for 
the armature. The magnet could be formed as a 
unitary structure or segmented. 

For ergonomic utilization of the battery, the 
actuator efficiency and the way in which it is em- 
ployed on the Auto recloser needs to be optimised. 

One or more of the following techniques may 
be used to tailor the basic actuator to the required 
application. 

In most cases it is desirable that the magnetic 
circuit due to the permanent magnet results in 
static forces which differ in the two stable positions. 
The static force to hold the interrupters in the 
closed position may be 3 times greater than the 
static force to hold the interrupters in the open 
position. 

This may be achieved by arranging the respec- 
tive magnetic circuits such that the chosen value of 
reluctance will give the required flux level and hold- 
on force. 

A simple means of achieving this will be by 
adding a non-ferrous washer 47 of required thick- 
ness over the rod 46. Many alternative methods will 
be possible but the effect of these on the dynamic 
operation of the actuator must be considered. 

It may be required that the armature 45, whilst 
in transit from one stable position to the other be 



preferentially biased in one direction due to the 
permanent magnet alone. This could be necessary 
to avoid a meta-stable position occurring at an 
undesirable point in the travel or to efficiently drive 

5 the armature over an increased distance with the 
required force/displacement. 

Several methods of achieving this are pro- 
posed, which involve shaping the pole pieces 41, 
42 and armature 45 such that the flux will be 

10 modified in the required air gap. 

1. Interlocking conical pole piece and armature 
acting such that the cross sectional area in the 
direction of the flux is increased (Figure 5A). 

2. Interlocking slotted pole piece and armature 
75 acting such that the apparent air gap in the 

direction of the flux is reduced. (Figure 58) 

3. Cutting a groove around the circumference of 
the armature body in the vicinity of the magnet 
410, such as to vary the reluctance of the circuit 

20 dependent upon armature position. (Figure 5C) 
Efficient operation with a battery is dependent 
upon the minimum voltage practicable being used 
to energise the coils. It is thus desirable to 
mimimalise any emf generated in the coils during 

25 operation which will produce current which will tend 
to oppose movement of the armature. 

These emfs may be produced by either trans- 
former action as has been described above with 
reference to Figure 3 from the current in the op- 

30 posing coil or be generated in both coils by the 
movement of the armature. The resultant current 
will circulate in any low impedance path in parallel 
with the coils, (e.g. free-wheeling diode as shown in 
Figure 3). 

35 The design incorporates a method of increas- 
ing the impedance of this path, thus significantly 
reducing the value of the current and associated 
field. An example is use of the resistors shown in 
Figure 3. 

40 A further advantage of this increased imped- 
ance is that the reduction of circulating current will 
reduce opposition to movement of the armature 
when the coils are not energised. 

Referring now to Figure 6, an auto-recloser 

45 circuit breaker, principally for outdoor use but op- 
tionally for indoor applications, comprises, for each 
of three phases, a vacuum interrupter 610 housed 
in an EPDM rubber body 611. A single kiosk 612 
houses the bistable magnetic actuator 613 of the 

so type described above with reference to Figures 4 
and 5, which operates all three vacuum interrupters 
610 by way of a cross beam 614. 

The kiosk may rest on the ground, or else it 
may be mounted on a plinth or on a pole 615 as 

55 shown. 

The interrupter contacts are maintained in ei- 
ther the closed or the open position by the mag- 
netic actuator. The fixed contact is connected to an 
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upper line terminal 616 integral with a support 
casing, and the movable contact to an axially re- 
ciprocable transfer contact 617 which slides within 
a ring-shaped fixed contact 618 connected to a 
side-mounted terminal 619. The side terminal 619 5 
consists of a rod projecting transversely from an 
insulating bushing forming part of the rubber body 
611. The body 611 has a number of rain sheds 612 
moulded onto its outer surface to increase external 
creepage and flashover distances across the inter- w 
rupter and from the interrupter 610 to the support- 
ing kiosk 612 which is at earth potential. The inner 
surface of the EPDM rubber body 61 1 is lined by a 
reinforced plastics tube which provides mechanical 
strength and separates the EPDM rubber from a 75 
dielectric liquid or gaseous insulating medium 620 
in which the internal parts are immersed. In this 
example, the medium 620 is SFg gas, supplied 
through a filling valve. 

A protective current transformer core and 20 
toroidally wound secondary winding 621 surround 
the side-mounted line terminal 619, and are encap- 
sulated in the bushing 622 integral with the rubber 
body 61 1 . The output from the current transformer 
is connected by a line 623, encapsulated in the 25 
rubber body 61 1, to the actuator assembly 613. 

The single actuator 613 is in line with the three 
vacuum interrupters, which it drives by way of a 
purely mechanical, direct linkage. The linkage com- 
prises an axial, insulating drive rod 624 for each 30 
interrupter connected at its upper end to the sliding 
contact 617 and at its lower end, via surrounding 
spring 625 in the cross beam 614, via a lost motion 
device to the actuator shaft. The rods extend ax- 
ially through the base of the rubber body 61 1 and 35 
through the roof of the kiosk 612, which is sealed 
against the underside of the base of the rubber 
body 611. 

Where the drive rods 624 and interrupters 610 
are insulated by a gas, the space within the kiosk 40 
may communicate with that within the rubber body 
611, avoiding the need for the potentially leaky 
mechanical gas seals. 

The electronic protection relay which is located 
with the two lithium sulphur dioxide batteries in a 46 
housing 626 responds to a signal from the current 
transformer 621 indicative of either an over-current 
condition, a short circuit or an earth fault, to send 
an appropriate short pulse to activate the actuator. 
As has been described above with reference to 50 
Figures 1 and 2, the relay includes a sequence 
timer for the auto-reclose function, which causes 
the interrupter contacts to reclose after a predeter- 
mined interval following circuit interruption. If the 
fault is not cured and the circuit is interrupted a 55 
second time, the circuit recloses after a predeter- 
mined interval; and so on for the auto-reclose 



sequence. A detail of the drive mechanism 
shown in Figure 6 will now be described in more 
detail with reference to Figure 7. 

It is a requirement that each interrupter moving 
contact is driven concentric with its body envelope. 
To achieve this bearings are required at each end 
of the insulator drive rod. A simple method of 
achieving low friction, jam free operation - without 
the need for a high precision mechanism is 
achieved as follows. The closing spring 625 is in a 
machined U-shape pocket on the beam 614 and 
the drive shaft 624 passes through a large clear- 
ance hole 627 in the beam. Thus the drive rod is 
maintained concentric by the spring and its collar. 
There is no contact between the drive shaft and the 
beam which may jam or cause friction. 

The exemplary drive mechanism helps to 
achieve a low static loading on the actuator of 
about 60kg due to each interrupter, so that with 
safety margins the maximum toatl loading on the 
actuator is in the range 300kg to 350kg which can 
be accommodated by the 96V lithium sulphur diox- 
ide battery as described above. 

Claims 

1. An auto-recloser circuit-breaker for use with a 
three phase high voltage electrical power dis- 
tribution line, the auto-recloser including (a) 
three vacuum interrupters for connection one 
in each phase of the power line, (b) current 
transformer means for sensing current on the 
power line, (c) an electronic protection relay 
having inputs connected to said current trans- 
former means and outputs for providing auto- 
reclose control pulses, (d) a first, compara- 
tively low voltage, power supply connected for 
operating the protection relay, (e) operating 
means for opening and closing the interrupters 
responsive to the control pulses from the relay, 
the operating means including a single bistable 
magnetic actuator and a drive mechanism con- 
nected between the three interrupters and the 
magnetic actuator, the magnetic actuator hav- 
ing a reciprocable armature, two electromag- 
netic coils each for moving the armature to one 
of two positions, and a permanent magnet for 
holding the armature in either position, and (f) 
a second, comparatively high voltage, power 
supply for energising the magnetic actuator, 
this second power supply being connected to 
each magnetic actuator coil via a respective 
electronic switch responsive to the auto-re- 
close control pulses from the relay; wherein 
the first and second power supplies are pro- 
vided by lithium sulphur dioxide battery 
means, the auto-recloser being powered solely 
by this battery means and not by the high 
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voltage power line. 

2. An auto-recloser as claimed In Claim 1, in 
which the first and second power supplies are 
provided each from a separate lithium sulphur 
dioxide battery, 

3. An auto-recloser as claimed in Claim 1 or 
claim 2, in which the drive mechanism in- 
cludes three drive rods, one said rod for op- 
erating each interrupter, and in which the three 
drive rods are arranged to be driven together 
directly by said reciprocable armature of said 
magnetic actuator in line with the movement of 
said armature. 

4. An auto-recloser as claimed in Claim 3, in 
which the drive rods are linked to the actuator 
by a single cross-beam, each rod being main- 
tained in line by a spring in a pocket in the 
beam without contact between the rod and the 
beam. 



comparator and a latch in CMOS to minimise 
the battery energy which is continuously con- 
sumed by these components. 

5 



10 
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5. An auto-recloser as claimed in any one of 
claims 1 to 4, in which the magnetic circuit in 25 
the actuator due to the permanent magnet 
provides a static force to hold the armature in 

its stable position corresponding to the inter- 
rupters being closed greater than the static 
force to hold the armature in the stable posi- 30 
tion corresponding to the interrupters being 
open. 

6. An auto-recloser as claimed in anyone of 
claims 1 to 5, in which the armature and/or a 35 
pole piece in the actuator are shaped to modi- 
fy the flux in an air gap between them so that 

in response to a control pulse to operate the 
actuator to the open position of the interrupters 
the armature is preferentially biased by the 40 
permanent magnet towards that open position. 

7. An auto-recloser as claimed in my previous 
claim, in which a parallel path circuit is pro- 
vided for each actuator coil to circulate current 45 
due to emfs generated in the coils resulting 
from actuation, and in which impedance is 
provided in each said parallel path circuit to 
reduce opposition to movement of the arma- 
ture due to such current. 50 



8. An auto-recloser as claimed in any previous 
claim, in which the protection relay includes 
wake-up and power-down circuit means to re- 
duce consumption of battery energy. 55 

9. An auto-recloser as claimed in claim 8, in 
which the wake-up circuit means includes a 
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